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Abstract.  A framework to evaluate the impact of ticks on human health under various scenarios of climate change is
proposed. The purpose is not to provide a comprehensive plan (e.g. the economic impact of ticks on human society is
not included), instead we wish to describe a series of indices that would be helpful by obtaining homogeneous com-
parisons of impact and vulnerability exerted by ticks in different regions, countries or continents, using normalized sets
of population, vegetation, climate and physical attributes of the territory. Three tick species, i.e. Dermacentor mar-
ginatus, Rhipicephalus turanicus and Hyalomma marginatum, have been traced over the territory of Spain to further
explain the computation of these indices. The discussion is based on tick habitat suitability, used as a measure of the
abiotic (climate) fitness of the habitat for the species in question, and  the sensitivity of each tick species to the rate of
change of habitat suitability with respect to climate change. The impact is the rate of change in habitat suitability
weighted with a fuzzy logic function evaluating the total number of people in an area, percent of rural population and
accessibility of the geographical divisions (expressed as hexagons with a 10 km radius) used in the study. The different
climate scenarios evaluated in relation to ticks show that the north-western part of Spain would suffer the greatest
impact in case the mean temperature would increase, while the Mediterranean region would suffer the highest impact
if temperatures decreased. Vulnerability, based on the sanitary structure of the territory and on the impact on human
activities due to the change in tick distribution and abundance, is proposed as a measure of adaptation of society to
these climate scenarios. The cost is evaluated as a function of land use and tick habitat suitability in a buffer zone sur-
rounding each geographic division. All indices proposed have been obtained by search of common and/or publicly
available data sets.
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Introduction
The perceived knowledge today is that advances
in technology minimize the negative effects of indi-
vidual infectious or parasitic diseases and will thus
provide much of the short-term protection needed.
However, zoonoses present a continuing challenge
to human well-being and are particularly associated
with human lifestyles (work and leisure) which
bring people into close contact with animals (Polley,
2005). Since humans with increasing frequency
invade the various ecological niches of animals, the
need to better understand the ecology of parasites of
free-ranging wildlife has never been greater. The
emergence or resurgence (possibly due to increased
reporting) of arthropod-transmitted diseases, has
contributed to an increased awareness of the role
played by vectors with respect to the transmission of
human diseases. As a consequence, arthropods such
as mosquitoes and ticks, are increasingly attracting
the attention of scientists involved in issues related
to human health. While mosquito-transmitted dis-
eases, for example malaria, are important and have
received much attention lately, we need to also
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know about the epidemiology of the many serious
tick-borne diseases threatening us (Rogers and
Randolph, 2000).
Spatial epidemiology consist of the description and
analysis of the geographic variation in diseases with
respect to demographic, environmental, behavioural,
socioeconomic, and infectious risk factors. Recent
advances in data availability and analytic methods
have created new opportunities for investigators to
improve our knowledge of the new challenges to
human health (Hay et al., 2000). There is currently
much interest in conducting spatial analyses of the
pressure exerted by arthropods versus human health
and how transmission of arthropod-borne diseases
develop under different climate conditions. These
analyses have long been recognized in the literature
as playing a specific and important role in the
description and analysis of patterns of disease as they
can highlight sources of heterogeneity or suggest
important clues to health determinants.
In the case of ticks, geographic mapping of human
diseases may be used to identify possible clusters or
areas where ticks are particularly prevalent to define
and monitor epidemics, to provide baseline data on
tick prevalence, and to show changes in tick abun-
dance patterns over time. To mitigate the risks with
regard to tick-borne diseases we must first under-
stand the factors driving the patterns of human-tick
contact, then collect variables allowing the genera-
tion of models involving large areas such as whole
countries. These models should ideally be as gener-
al as possible and efforts should be made to incor-
porate all factors needed to understand the basics of
the ecology of the parasites and the rules governing
their contact with humans. At the same time they
must be highly fine-tuned, built from solid founda-
tions, and firmly based on the ecology of the para-
sites in question. 
What is needed now is a further analysis of a gen-
eral framework for the computation of the impact
on, and the vulnerability of, human populations in
relation to ambient tick prevalence under different
climate scenarios. We are still far from producing a
full-fledged model for the tick-borne diseases, but a
first step in that direction would be to move
towards a holistic approach to risk assessment of
ticks under global climate change. To achieve this
we need to combine the various approaches devel-
oped by the different communities into a compre-
hensive risk assessment framework. While some
existing references are exercises in definition of
terms (i.e. Sutherst, 2004), this study intends to use
geographical information systems (GIS) as a proce-
dural skeleton since it can be applied to entire coun-
tries (even continents) using the same methodology
and the same variables. To that end, a format which
would be valid independently of the socioeconomic,
behavioural and demographic factors at the site of
application is proposed. The advantage of such a
framework is that it would be applicable in regions
with different ecologies and thus capable to provide
homogeneous and comparable estimates of impact
and vulnerability. 
Framework to compute the impact by ticks on
humans under changing climate conditions
Computation of habitat suitability for ticks
Habitat suitability (HS) is a measure of the con-
tribution of the abiotic component for the survival
and permanent colonization of a tick population
with regard to its target species. This calculation
ignores the biotic component (hosts, competition
with other tick species, etc.) that may have an influ-
ence on the tick life cycle and persistence at a given
site. Furthermore, HS is independent of exposure.
There is a misleading practice of considering risks in
the absence of a societal response which can result
in an exaggerated picture of the perceived risks.
Methods to describe HS are based on the environ-
mental niche according to Hutchinson, i.e. an
n-dimensional hyper-volume describing the climate
conditions with which the range of tick distribution
is associated, a concept discussed in detail with
respect to ticks in a recent publication (Estrada-Peña
et al., 2006). Ecological requirements for a species
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can be conceptualized via the idea of an ecological
niche or the set of conditions under which a species
can maintain populations without additional immi-
gration. Based on the known occurrence of species,
a series of efforts over the past decade has focused
on developing computational approaches to
approximating this ecological niche. This body of
research has demonstrated that ecological niches of
a species, as modelled in these frameworks:
(i) are highly predictive of distributional phenome-
na (Peterson et al., 2002);
(ii) permit visualization of distributions in ecologi-
cal and geographical dimensions (Martínez-
Meyer et al., 2004);
(iii)are highly conserved over ecological and evolu-
tionary time periods; and
(iv) constrain the long-term geographic potential of
the species.
It is highly desirable that the computation of the HS
should be performed at medium resolution (~ 1 km)
because a coarse resolution might lose detail, while
a fine one is likely to introduce a bias. It is also
important that the selected algorithm provides a
good description of the contribution of the different
climate factors to the HS. Some methods already in
use, for example Algorithm Rule-Set Prediction
(GARP), are black boxes that cannot provide infor-
mation about the ecological processes governing the
effects of the climate in this case. Without this infor-
mation we can only produce “guestimates”, never a
complete understanding of the relationships between
ticks and climate.
Baseline assessments of the HS are performed with
the prevailing climate conditions and used to
describe existing ecological conditions. We selected
three tick species of special interest for human
health in Spain, i.e. Dermacentor marginatus,
Hyalomma marginatum, and Rhipicephalus turani-
cus since there is a substantial body of references
underlining the importance of these ticks and their
involvement in the transmission of prominent tick-
borne diseases to humans (summarized by Gilot,
1985). Also, some of these species prefer warm and
dry climates and are thus good candidates for exam-
ination with regard to the expected greenhouse
effect, or are commonly introduced into Spain from
Africa by migratory birds, e.g. H. marginatum, con-
tributing to growing number of emerging or re-
emerging diseases. This is not an exhaustive list
since, rather than preparing a comprehensive review
of the tick problem in Spain, the intent is to provide
the reader with a framework and the steps necessary
to compute the process of tick infestation. Figure 1
includes the baseline HS in the Iberian Peninsula for
Fig. 1. The habitat (climate) suitability (HS) for the three tick
species considered in the current study. A: Dermacentor mar-
ginatus; B: Hyalomma marginatum; C: Rhipicephalus turanicus.
The different levels of predicted HS are shown in a scale from
blue (minimum suitability) to yellow (maximum). Administrative
borders correspond to the different regions of Spain.
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the three species mentioned. The HS has been calcu-
lated using MaxEnt, a maximum entropy algorithm
(developed by Philips et al., 2006) based on a dataset
of monthly maximum and minimum temperatures
and total rainfall at a spatial resolution of 1 km. The
aspect of distribution ranges of ticks in Spain is
beyond the purpose of this paper and has been con-
sidered elsewhere (Estrada-Peña and Venzal, in press).
Models, whatever the mechanism they are based
on, must be tested for efficiency in predicting the
tick distribution over a given territory. This is called
the validation step. We assessed the performance
using both presences and pseudo-absences. The
evaluation of performance measures first required
the derivation of so called matrices of confusion that
identify true positives, true negatives, false positives
and false negatives. Sensitivity is based on the con-
cept of true-presences misclassification and is calcu-
lated as 1-percentiles of false negatives (Cumming,
2000). Sensitivity is defined as the proportion of
true positives correctly predicted, whereas specifici-
ty is the proportion of true negatives correctly pre-
dicted (Fielding and Bell, 1997; Pearce and Ferrier,
2000). Threshold-independent measures, e.g. receiv-
er operating characteristics (ROC), are considered
to be more robust and more objective than thresh-
old-dependent measures (e.g. Kappa statistics) since
they do not rely on a single threshold to distinguish
between predicted presence and predicted absence.
From the confusion matrix we calculated the area
under the curve (AUC) of a ROC plot of sensitivity
against (1-specificity) (Swets, 1988). We obtained
AUC from a customised function in S-plus software.
The objective of performing a baseline assessment
is to calculate the area at one point in time where an
evaluation species has a probability to survive
greater than zero. The results of baseline assess-
ments provide a reference point from which health
authorities can:
(i) compare existing conditions in several areas in
order to define management capabilities or as a
guide to future planning;
(ii) predict and compare changes that may occur; and
(iii)design monitoring studies.
By identifying areas where ticks are prone to exist,
baseline assessments play a critical role in tick-borne
disease planning. The baseline HS may be compared
directly if the assessment is designed to compare
existing conditions in two or more areas. Additional
calculations (see below) are required if the baseline
data are used as a reference point to asses the impact
under scenarios of climate change.
HS sensitivity to climate change 
After the HS has been computed for each pixel of
the target territory, it is of interest to evaluate the
sensitivity of every pixel to climate changes.
Sensitivity is defined as the amplitude of change in
the HS with the same amplitude of climate change,
e.g. if the yearly average temperature increases
with 1ºC, the HS may increase up to 30% in one
site, while it may swell with as much as 80% in
another. This happens because different ecological
conditions prevail in different zones and, again,
upon the concept of n-dimensional hyper-volume
of the ecological niche. A tick population may be
colonizing an area close to the core of its ecologi-
cal niche where climate changes are buffered and
thus have little or no influence on the HS. On the
other hand, the tick population may be living in a
region located in the periphery of its ecological
niche and suffer considerably more because even
small changes in a climate variable could produce
large HS variations here. The calculation of sensi-
tivity is important because it informs health
authorities about the dimension of change to be
expected in the case of a variation in climate in a
given direction and magnitude. Sensitivity can be
expressed according to Corson (2004) as a stan-
dard formula:
where IH is the higher value of the input parame-
ter, IL the lower value of the input parameter, IM the
(OH - OL) /OM
(IH - IL) / IM
S =
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mean of the input values, OH the corresponding out-
put for the higher input value, OL the corresponding
output for the lower input value, and OM the mean
of the two output values.
Two approaches, top-down and bottom-up, have
been recommended for the analysis of the likely
impact of climate change (Parry and Carter, 1998).
Many authors have used climate change scenarios
generated by general circulation models as a means
of investigating the likely impact of vector-borne
diseases. The alternative approach, as used here,
relies on sensitivity analysis of a range of climate
variables. In this communication, we have used five
temperature scenarios, one involving current
monthly conditions, the others investigating
increases and decreases from that value by 1ºC or
2ºC. We have also modelled five rainfall scenarios,
either the current monthly rainfall or changes in
monthly rainfall by 60%, 80%, 120% or 140%.
The combinations produced from the various sets
of temperature and rainfall provide an overview of
the HS and sensitivity of the three tick species
investigated under estimated conditions of climate
warming or cooling, and/or in relation to lower and
higher rainfall.
Assessing the human dimensions: the tick impact
under different scenarios of climate change
The calculation of the impact of a tick popula-
tion on humans requires some variables to be
added to the HS values. Sensitivity is a measure of
the biological system but human populations have
no such sensitivity to changes in tick abundance;
the impact is rather the social consequences of the
change in tick abundance. This parameter does not
only involve the abundance of ticks but also the
number of people in the area and the degree of
tick-people contact. Impact assessments are per-
formed by quantifying the changes in tick habitat
conditions over time (or in relation to diverse sce-
narios) in a given area and the degree of tick-
human contact of the resident people. The under-
standing of the impact due to changes can be
improved by using series of climate data to con-
struct climate scenarios in a given region. Our
approach here is to use the climate scenarios pro-
posed above to evaluate the impact by ticks under
various degrees of climate change.
We propose using a simple series of ratios in the
calculation of the impact as follows. For most
purposes, the division of a territory into its small-
est administrative divisions is sufficient for defin-
ing the geographical unit to be used in the calcu-
lations and it applies commonly to the municipal-
ities of most countries (counties in the United
States). The advantage to use municipalities is
that they are administrative divisions for which a
range of data necessary to compute the impact
(see below) can also easily be obtained. In cases
where municipalities (or counties) are too large,
or of disproportionate size, the target territory
may be divided into hexagons of approximately
6-10 km radius. The advantage of using hexagons
is that many series of data are already available
and ready to be fitted into the analysis.
The total population of each division is the first
in the series of data to be used and this value is eas-
ily obtained from the census office of the country
where the evaluation is being performed. Until
recently, the spatial distribution of the resident pop-
ulation was commonly available only at adminis-
trative levels with arbitrary borders. However,
information about which areas are actually occu-
pied can now be inferred thanks to the new tools.
i.e. areal interpolation methods. This is the trans-
formation of geographical data from one set of
boundaries to another (Weichselbaum et al., 2005).
If hexagons are used, population of each adminis-
trative division can be proportionally allocated to
the overlying hexagons by the routines of spatial
analysis and weighted by land use and land cover.
In case an adequate census for the target country is
lacking, the LandScan dataset of the world’s popu-
lation, which is presented in a “gridded” fashion
(available at http://www.ornl.gov/landscan), is a
useful substitute that can also be transferred pro-
portionally to the hexagons or to the administrative
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divisions. Figure 2 shows the difference in the spa-
tial distribution of population in Spain using either
municipalities or hexagons and allocating the pop-
ulation proportionally.
A second parameter of importance is the degree of
urbanization. Although areas with large cities have
huge populations, peoples’ contact with the natural
environment, where the ticks live, is small for the
majority of people. Areas with small cities, on the
other hand, have implicitly a rural way of life with
large nature contact, a piece of information which is
evident from LandScan data sets. Additional infor-
mation about population and activities can be
obtained from the dominant vegetation of the hexa-
gon. While some countries have developed accurate
classification schemes of vegetation at very high res-
olution (i.e. 100 m in the CORINE database of the
European Union), this information does not adhere
to other existing classification schemes.
Homogeneous, uniform vegetation classifications
exist at a resolution of 1 km for the entire world
(available at http://edcwww.cr.usgs.gov). We have
adhered to the Olson Global Ecosystems scheme
(Olson, 1994) because of the accurate classification
of biotopes and the high number of categories avail-
able. The dominant vegetation, the degree of frag-
mentation, and the percent of coverage of dominant
vegetation are powerful indicators of the land use in
each hexagon: urban, rural (agriculture, farming) or
wildlife (i.e. forests).
The accessibility of the area depicted by the hexa-
gon also needs to be included into the impact calcu-
lation. This set of data refers to the ability of the
people living in the hexagon to move through their
area and also to the surrounding areas. Mobility of
the inhabitants is obviously a function of the mean
altitude, the slope and the ranges. Sites character-
ized by high slopes or located within high-altitude
ranges impose difficulties of variable degrees to the
movements of inhabitants and are thus not com-
monly visited by people (mainly only tourists and
certain farmers). Again, we propose to obtain the
altitude as a homogeneous data set (available at
http://edcwww.cr.usgs.gov) at variable resolution.
For this work, we estimated that a resolution of 1
km provides enough features to derive the mean and
range of both altitude and slope. Figure 3 includes
the features of altitude and vegetation in the territory.
According to our hypothesis, the tick impact in a
given hexagon under a given climate scenario is the
result of a simple equation involving the change of
the HS for the tick species in question in relation to
the prevailing climate, the number of people living
in the hexagon, the percent of rural areas in the
hexagon (as measured from the dominant vegeta-
Fig. 2. A comparison of administrative versus artificial divi-
sions used for computing the calculations and displaying the
results. In A, the population distribution is shown with refer-
ence to the municipalities (administrative divisions). In B, the
population values have been transferred to hexagons with a
10 km radius using the method of spatial interpolation.
2A
2B
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tion and the percent of people living in rural
regions), and the mobility of the inhabitants of the
hexagon (accessibility). We have used a fuzzy mod-
elling approach based on the methods outlined by
Kampichler et al. (2000). This approach uses a rule
base that covers the entire variable space which
means that, for any possible combination of habitat
and population characteristics, a rule must be pro-
vided. In the modelling of the effects of vegetation
and altitude, we have adhered to the comments by
Ray and Burgman (2006). All the variables men-
tioned above, used to compute the effect sought,
represent a qualitative interpretation of ecological
ideas. In many cases, the uncertainty is a discrete
decision rather than a continuous function. Thus,
we propose to handle these as “bounding maps”
which can be defined as the most plausible of the set
of alternative realistic choices available. The differ-
ent variables used have been entered as sigmoid
functions. No attempts have been done to weight
each factor of the equation, i.e. to include the rela-
tive importance of people density versus the relative
importance of altitude. The fuzzy functions used
herein have been included in their basic forms.
However, relative weighting remains a matter of
much interest that should be further investigated as
it could provide interesting insights into the calcula-
tion of impact of ticks on the human society under
different social and geographical scenarios.
Figure 4 shows the expected tick impact on the
Spanish population as a function of the climate.
The outcomes of the model show that a rise in tem-
perature together with a decrease in rainfall would
have the greatest impact in the north-west of the
country which is the most humid and also the cold-
est region in Spain (Fig. 5A). It is clear that changes
in this direction would favour the invasion of this
particular region by ticks as conditions would
become more suitable for these parasites.
Interestingly, a decrease in temperature (Fig. 5B)
would produce increased tick-related problems in
the eastern Mediterranean region, a site currently
characterized by medium to high temperatures.
This is of particular interest because this region has
several heavily populated areas (Fig. 2). Both a
decrease in temperature and increased rainfall
would lead to a severe drop of tick impact in north-
western Spain (Figs. 5B and 5C) with an increase in
the south-east, an area currently too dry to main-
tain significant human populations. The decreasing
rainfall would have a strong positive effect on the
tick populations in the north-western part of the
studied territory. It is interesting to note that,
according to the most prominent climate forecasts
(increase of temperature and decrease of rainfall),
the north-western parts of the country would suffer
the highest tick pressure and hence have the highest
human impact.
Fig. 3. Altitude (A) and natural vegetation (B) in Spain
according to Olson categories of 1 km resolution. Higher alti-
tudes are shown as darker. The natural vegetation is included
only to provide a visual estimate of the distribution of the
main vegetation categories over the territory studied.
3B
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Fig. 4. The tick impact on the Spanish population in relation to four different climate scenarios. A: increase of temperature;
B: decrease of temperature; C: increase of rainfall; D: decrease of rainfall. The estimated impact is depicted as calculated by a
fuzzy logic interpolator. The lighter colours correspond to a decreased impact, while darker tones mean an increased impact.
Fig. 5. The vulnerability to changes in tick populations in response to different climate scenarios. The darker colours correspond
to a higher vulnerability. A: increase of temperature; B: decrease of temperature; C: increase of rainfall; D: decrease of rainfall.
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The response to the problem: computing vulnerability
The disease vulnerability is defined as a function
of the presence of an infection and the host
response. Vulnerability is thus a measure of the
potential impact of a given change, taking into
account the adaptive capacity that is available to the
affected change to respond to that change. In the
case of human disease, the vulnerability is the abili-
ty of the social fabric of people to respond to and
manage a situation created by the introduction or
increase of infectious pressure. The result could
avoidance of zones with increased risk for ticks or
the use of sanitary services to relieve a disease
already established (either the simple tick bite or the
tick-borne pathogen). Such measures should be cal-
culated as a cost, not only in terms of direct mone-
tary expense but also in terms of the indirect costs
involved in moving to another area to perform the
same activity there. Because of the need to measure
and evaluate subjective costs between different
countries, or even within territories of the same
country, this is one of the most difficult parts of this
work. A unique, comparable index that can be com-
puted using data homogeneously available for every
country is required. We propose to approach this by
producing buffer zones of 10 km widths around
each hexagon used as the main territory division
and populating these buffer zones with data about
accessibility (using altitude and slope), land use, and
the tick impact obtained from the different climate
scenarios. The vulnerability of each hexagon will
thus consist of two components: the changes in the
environment (expressed as the change of tick pres-
sure) and the sanitary response (expressed as the
response to the impact on human health by tick-
borne diseases). In the first case, the environment,
vulnerability means the degree of departure from
the “standard” or long-term conditions under the
current climate (as observed in the hexagon) com-
pared with those of the buffer zones (scenarios).
Vulnerability in this context means the changes that
the user of the land (farmer, tourist, etc.) would
experience in terms of land use and tick pressure.
Null environmental vulnerability occurs when the
user finds the same accessibility, the same land use
and the conditions of tick pressure in both the sur-
rounding buffer zone and in the hexagon. In other
words, the “user” does not experience any change
(hence, no vulnerability) if the accessibility is the
same inside the buffer zone and inside the sur-
rounded hexagon. Thus, the land use is not signifi-
cantly different and the tick impact in this scenario
remains within the same limits as currently found.
For a given scenario of change, environment vulner-
ability is the net difference (between values for
buffer zones and hexagons) with regard to the HS
for a tick species, the accessibility and the percent of
dominant land category in both “territories”.
The second factor of vulnerability is the territory’s
sanitary response to the problems derived from ticks
or tick-borne diseases. This is a complex factor
because it usually involves the calculation of sani-
tary costs which vary considerably between coun-
tries. In addition, costs can change enormously
depending on what is involved (i.e. simple diagnosis
versus molecular biology approaches) and because
the uncertainties of the model (the prediction of an
increase of the HS is in no way a prediction of an
increase of tick-borne diseases). In the context pro-
posed here, we aim to find a simple index that can
relate the sanitary structure of a country with the
magnitude of the tick problem in general terms. To
achieve this, we have used the number of beds of the
different hospitals in Spain as a measure of the “san-
itary strength” of the country. The distance of each
hexagon to the closest hospital is weighted with the
number of beds in that hospital as an indicative of
the cost for a person suffering a tick-derived prob-
lem at a given distance of a hospital with a given
number of beds. This ratio is further weighted with
the total population living in the surroundings of
every hospital and used as a measure of the sanitary
load of a given hospital.
Taken together, these two indices provide an esti-
mate of the “cost” that a climate scenario would
produce for a person living in a given area as a result
of the displacement from another area (using acces-
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sibility and vegetation as indicators). This reasoning
takes into account the sanitary structure, i.e. the vul-
nerability which depends on living near or far away
from an adequate sanitary centre. While we have
seen how the potential impact is clearly concentrat-
ed in some regions (as it is a consequence of phe-
nomena with a geographical pattern) the social
structure of the vulnerability shows up as “patches”
where the vulnerability is dramatically higher. The
presence of such areas are commonly generated by
wide differences in social activities and character-
ized by inadequate penetration of sanitary networks
resulting in high tick loads. While the study of the
impact has a great importance for the epidemiolo-
gist, the human health manager’s priority is to high-
light areas where the sanitary structure is inade-
quate and where HS favours the growth of tick pop-
ulations. Therefore, although we lack reliable cost
evaluations in terms of monetary resources, we have
an index that provides a means to compare the vul-
nerability with regard to ticks in a more objective
way than previously.
Figure 5 summarizes the vulnerability over the
Spanish territory according to tick species and cli-
mate scenario. As shown before, both the HS and the
tick impact have a clear geographical pattern reflect-
ing both the distribution of ticks as modulated by cli-
mate or social relationships which involve tick/peo-
ple contacts. However, vulnerability has no such
apparent pattern because it is a measure reflecting
the ability of the adaptive ability. The darker areas in
Figure 5 symbolize sites with high vulnerability
because the changes expected as a consequence of
the different climate scenarios and the expected
changes in the distribution and abundance of ticks.
Limitations of the framework hypothesis
The use of models in the management of human
health is not without danger, neither for the health
managers, nor for the modellers themselves. Clearly,
people who have little or no training in modelling
cannot easily spot limitations, uncertainties, omis-
sions and subjective choices of the model. The risk is
then that too much is read into the predictions of the
model. There is also a danger that a model is used for
purposes different from those intended, rendering
invalid conclusions very likely. Our current purpose
is to find a methodology capable of application in
very different or geographically separate zones and
develop this approach using the same set of primary
data with the aim of arriving at a baseline that can
be used to compare all results found. Thus, we are
looking for homogeneity of results, not for a
response to local problems. A framework aspiring to
be of general utility must avoid parameters that can
be applied only in definite regions or to specific
social behaviour. Although the proposed methodolo-
gy may not have the ability of “fine-tuning” when
applied to local problems, it emerges as a general-
purpose tool capable of providing comparable
results when applied to different geographical areas.
As every adaptation of real systems into a model,
the proposed framework has limitations. A major
factor is the uncertainty which is not only due to
incompleteness regarding how climate and
pathogens interact but also related to the complexity
inherent in all human/nature systems. Moreover, few
longitudinal databases provide time-frames long
enough to study the type of trends required when
monitoring health effects of climate change. Such
models have particularly been tried for the study of
climate effects on malaria (e.g. Martens, 1998;
Rogers and Randolph, 2000) and of  Lyme disease in
the United States, the only vector-borne diseases for
which adequate models and surveillance data of suf-
ficient resolution are available (Brownstein et al.,
2003). Although the knowledge of tick systems is
evolving, it may only be the tip of the iceberg that
has emerged so far. For example, the resilience of an
ecosystem is the magnitude of a disturbance that can
be absorbed or buffered by a system without the sys-
tem undergoing a fundamental change or reconfigu-
ration (Holling, 1973). Decreased resilience tends to
encourage emerging diseases. We have tried to objec-
tively compute this factor as the “sensitivity” or the
“strength of change” in the tick ecosystem as a
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response to changes in climate. We have simply
ignored how changes in the HS correlate with tick
abundance. Some previous experiences have proven
that HS has a good correlation with the probability
for tick populations to persist (Estrada-Peña et al.,
2006) but that tick abundance is also a property of
landscape configuration (Estrada-Peña et al., 2004).
Although HS and sensitivity, as computed here, are
objective measurements of a property, we ignore
how much the ecosystem must change before these
changes can be observed as an increase or decrease of
tick prevalence. Therefore, there is a pressing need
for research in the last link of the chain: the actual
correlation between changes in HS and changes in
tick prevalence.
Impact calculations constitute a second focus of
possible criticism. Tick populations may be preva-
lent in sites where no contact exists between the
pathogen and humans nullifying the impact. In the
discussion above, we have tried to quantify the
degree of contact. The impact is thus an objective
measure of tick exposure, which is related to the
total number of people, to the ratio of population
involved in countryside activities and to the accessi-
bility of a site. A convenient way to compute the
impact is to use a fuzzy function maximizing every
parameter. Furthermore, the universality of the
parameters evaluated makes it easy to compute the
impact for any part of a continent. The sensitivity of
the “impact parameter” to changes of the variables
involved need to be further investigated and is also
a strong focus of ongoing research.  Finally, the
social aspects of vulnerability are difficult to meas-
ure, as many factors are derived from habitat
changes, for example, the lack of tourists in an area
where the number of ticks has dramatically
increased is hard to compute in a homogeneous way
for every region.
What is proposed here is an approach to the com-
putation of vulnerability but further refinements
coming from the field of social sciences should be
expected. To be useful and providing additional
improvement of the calculations of this parameter,
these refinements should focus on the consequences
of change in land use and the many facets of vul-
nerability. The aim of this study is to produce a
series of homogeneous indices of applicability to dif-
ferent regions, countries, or continents, as a baseline
measure of tick impact. It is expected that addition-
al performance can be attained without affecting the
basic purpose of comparability.
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